Introduction
============

The wild species of the genus *Oryza* serve as a virtually untapped reservoir of genetic diversity that can be used to improve rice production. The genus is composed of two cultivated (*O. sativa* and *O. glaberrima*) and 22 wild species, that represents between 15 to 25 million years of evolutionary diversification ([@b35-67_17022]). Evidence suggests that wild rice relatives may contain genes that are capable of improving both the yield and quality of the rice seeds ([@b32-67_17022]). However, the expressions of these favorable genes are often masked by the effects of other deleterious genes ([@b40-67_17022]). The establishment of molecular markers has greatly advanced the development of genetic maps, which in turn aided in the exploitation of the genetic potential of these wild species for the improvement of yield and quality of modern rice cultivars ([@b25-67_17022]). Using genetic maps, the introduction of genes from wild rice relatives with the AA genome into Asian cultivated rice has been possible, contributing in expanding rice genetic diversity. Similarly, the genome sequences of many wild rice relatives have become valuable resources for a more extensive exploitation of wild *Oryza* germplasm to enhance rice breeding programs ([@b46-67_17022]). These approaches have led to the discovery of "hidden" genes from wild rice relatives, in particular, from *O. rufipogon*, which is the progenitor of Asian cultivated rice *O. sativa* ([@b33-67_17022]).

Chromosome segment substitution lines (CSSLs) from interspecific hybridization represent a powerful and useful genetic resource for genome research, especially quantitative trait loci (QTL) mapping and gene cloning ([@b1-67_17022]). CSSLs are generated by crossing a donor parent (wild rice or popular rice cultivars) with a recipient, usually an elite line, followed by several backcrossing to the recurrent parent. The resulting progenies possess one or few homozygous chromosome fragments of the donor genotype in the genetic background of the recurrent parent. A CSSL set covers the whole donor genome in small, contiguous or overlapping chromosome fragments ([@b13-67_17022], [@b42-67_17022]). This allows the evaluation of the effect of each chromosome segments on useful agronomic traits and use of the target segments in breeding. At least 10 sets of CSSLs have been constructed in rice ([@b4-67_17022], [@b6-67_17022], [@b7-67_17022], [@b10-67_17022], [@b12-67_17022], [@b17-67_17022], [@b28-67_17022], [@b29-67_17022]), and many agronomic QTLs have been identified and some were cloned using map-based methods ([@b26-67_17022], [@b30-67_17022], [@b34-67_17022], [@b41-67_17022], [@b47-67_17022]). However, most of these CSSLs used Asian wild and cultivated species and there has been no report of the use of African wild relatives such as *O. barthii*.

*O. barthii* is annual, wild African rice that is known to be the progenitor of the African cultivated rice species, *O. glaberrima*. This species have tolerance to biotic and abiotic stresses ([@b15-67_17022]). The edible seeds of this species are sometimes harvested for local use but harvests are often very limited because of its opened-shape panicle, high shattering rate and low grain number. Recently, the genome of *O. barthii* has been sequenced, and several genetic comparisons between *O. barthii* and *O. glaberrima* have been conducted to identify the domestication pathway of rice in Africa ([@b23-67_17022], [@b46-67_17022]). However, only a few studies about the genetic diversity of these species have been performed. Based on past studies on Asian wild rice, *O. barthii* is also a potential resource of genetic diversity that can be tapped to increase yield of cultivated rice. Here, we report the development and evaluation of CSSLs harboring *O. barthii* genomic segments in the genetic background of *O. sativa* cv. Koshihikari. Chromosomal segments from the entire genome of *O. barthii* were successfully introduced into the genomic background of Koshihikari as contiguous, overlapping segments. The CSSLs exhibited significantly different phenotypes for panicle length, number of primary branches, number of grains per panicle, grain length, grain width and 100-grain weight.

Materials and Methods
=====================

Development of the BSLs
-----------------------

The donor parent, *O. barthii* Acc. W0009 and the recurrent parent *O. sativa* cv. Koshihikari were provided by the National Institute of Genetics (NIG), Japan. The breeding scheme used to develop the CSSLs, hereafter referred to as BSLs, is presented in [Fig. 1](#f1-67_17022){ref-type="fig"}. The BSLs were developed by first crossing cv. Koshihikari with *O. barthii* to produce the F~1~ hybrid. The resulting F~1~ was then backcrossed to Koshihikari to produce 32 BC~1~F~1~ plants. Successive backcrossing with the recurrent parent produced 87 BC~2~F~1~, 81 BC~3~F~1~, 70 BC~4~F~1~ and 66 BC~5~F~1~ plants. Genotyping using 129 single nucleotide polymorphisms via the AcycloPrime-FP Detection System and Fluorescence Polarization Analyzer (Perkin Elmer Life Science, Boston, MA, USA) was carried out for 70 BC~4~F~1~ and 66 BC~5~F~1~ to identify backcross lines having 1--2 long, contiguous chromosome segments at a few target chromosomes. The SNP markers, which were developed using the Build 2 pseudomolecules of cv. Nipponbare, were evenly distributed across the 12 rice chromosomes at an average marker interval of 3.0 Mb. A total of 20 BC~4~F~1~ and 18 BC~5~F~1~ lines were identified to have the target wild introgression. The selected backcross lines were then subjected to additional backcrossing with Koshihikari and subsequent self-pollination to fix the genotypes to homozygotes. Finally, a BSL set composed of 40 individuals with overlapping substituted chromosome segments from the donor were developed. All of the backcrossed lines that were derived from the successive backcrossing of the F~1~ with Koshihikari were cultivated at the experimental field in Kisarazu, Chiba, Japan.

Agronomic evaluation of the BSLs
--------------------------------

The BSLs were evaluated for several agriculturally important traits in the experimental field of Nagoya University in Togo, Aichi, Japan in 2016. Seedlings of all plant materials were first raised in the greenhouse and then transplanted in the field 30 days after sowing. Ten plants of each BSL and Koshihikari were planted in single-row plots at a spacing of 30 cm between rows and 15 cm between hills. The main shoot of five plants at the 3^rd^--7^th^ hills of each row were measured for flag leaf length, flag leaf width, panicle length, number of grains per panicle, number of primary branches per panicle, 100-grain weight and spikelet fertility. The panicle number in five plants in the same position was counted. Data on the flag leaf length was based on measurements of the full length of the leaf blade of the flag leaf, whereas data on flag leaf width was obtained as a measure of the widest point of the leaf blade of flag leaf. Data on grain length and grain width were obtained from 20 seeds that were air-dried for 2 months in the glasshouse. Grain length and grain width were measured using a scanned image analyzing software, SmartGrain ([@b31-67_17022]). Dunnett's multiple comparison test at 95% confidence interval (P \< 0.05) was used to evaluate significance of difference in the BSLs compared to Koshihikari. The data on the other qualitative traits such as seed pericarp color, awn formation and shattering, we did not measure quantitatively but characterized by its outstanding phenotype.

Results
=======

Characteristics of the BSLs
---------------------------

All BSLs carry homozygous chromosome segments except for one line, which still carry a heterozygous *O. barthii* segment on chromosome 12. This fragment represents around 2% of the donor parent's genome, measures approximately 12.5 Mb and is flanked by the SNP markers SP-5162 and SP-2697. Chromosomes 1, 3, 4, 5, 7 and 9 of *O. barthii* were each covered by 4--5 BSLs, whereas chromosomes 2, 6, 8, 10, 11 and 12 were each represented by 2--3 BSLs. The whole genome of *O. barthii* was represented as contiguous or overlapping chromosome segments in the BSL set ([Fig. 2](#f2-67_17022){ref-type="fig"}). More than 94% of the donor parent's genome was represented in contiguous or overlapping chromosome segments in the BSL set. Approximately 4% of the donor genome was not successfully represented as indicated by the small gaps in the genetic map of the BSL set. Those unrepresented regions were in chromosomes 1 (defined by the SNP marker SP-192 to SP-1208), 2 (defined by SP-1465 to SP-2500) and 9 (defined by SP-2129 and SP-2464).

Putative chromosome segments controlling important agronomic traits in the BSLs
-------------------------------------------------------------------------------

Data on the agronomic traits of the BSLs under experimental field conditions are presented in [Table 1](#t1-67_17022){ref-type="table"}. A total of 66 significant changes in the tested traits were identified in the BSLs, 28 of which had positive and 38 had negative changes on the phenotypic values compared to Koshihikari.

### Flag leaf length and width

Among the BSLs tested, only BSL27 showed longer average flag leaf, which was 26.6% longer than that of Koshihikari. BSL15 had the narrowest flag leaf (0.52 cm), which was 35.8% narrower than that of Koshihikari. BSL27 on the other hand, showed a wider phenotype for flag leaf, suggesting the higher potential for photosynthesis in the flag leaf of BSL27 than Koshihikari.

### Panicle numbers per plant and panicle length

There are no significant differences in the number of panicles per plant. On the other hand, significant differences in panicle length were detected in 4 BSLs with substituted segments from chromosomes 6, 7 and 10 of *O. barthii*. All 4 BSLs recorded a significant increase in panicle length (18--26%), with BSL27 recording the longest panicles (23.5 cm). This represents a 26.1% increase in average panicle length compared to Koshihikari.

### Number of primary branches and grains per panicle

There were only positive effects in the number of primary branches and grains per panicle detected in the BSLs. BSL10, 11, 22, 25, 27 and 29 exhibited significantly more primary branches per panicle compared to Koshihikari. A significant decrease in the number of primary branches per panicle was not observed in any line. The number of grains per panicle is one of the most important components of yield and it has been one of the main targets for improvement of rice breeding. Nine lines showed a 24--50% increase in the number of grains per panicle relative to Koshihikari, with BSL22 recording more than 1.5 times the number of grains than Koshihikari. Even though many of the BSLs did not show significant differences in the number of primary branches, a moderate positive correlation between the number of primary branches and grains per panicle was detected (correlation coefficient = 0.7269). These results indicate that *O. barthii* has several superior alleles controlling the numbers of primary branches per panicle, which led to the increase in the number of grains per panicle in the BSLs.

### Grain length and width

Only BSL6 and 39 showed 11--12.8% longer grains than Koshihikari. Both lines harbored chromosome 2 and 12 from *O. barthii*. On the other hand, most of the BSLs recorded decreases in grain width compared to Koshihikari, which showed 3.04 mm average grain width. These lines have introgressed segments from chromosomes 1, 2, 3, 4, 5, 6, 7, 9, 11 and 12 of the donor parent and an 11--25% decrease in grain width. BSL17 and 18 with segments from chromosomes 5 of *O. barthii* significantly reduced the grain width of Koshihikari by 22--25%.

### 100-grain weight

Three lines (BSL8, 9 and13) showed significantly higher 100-grain weight compared to Koshihikari, which recorded an average of 2.38 g. These BSLs carry a fragment of chromosome 3 and 4 of the donor genome and increased 100-grain weight by around 20%. A reduction in 100-grain weight was observed in 8 lines having fragments from chromosome 1, 5, 7, 9, 11 and 12 of *O. barthii*.

### Spikelet fertility

Koshihikari had a spikelet fertility of around 95%. All the BSLs showed lower spikelet fertility compared to Koshihikari, with BSL7 recording the lowest fertility (73.75%). This line has a fragment of chromosome 2 from *O. barthii*. Another 3 lines, BSL22, BSL25 and BSL28 that including the region of chromosome 6, 7 and 8 respectively also registered significant reductions ranging from 9 to 20%.

### Other traits

Other traits that were clearly expressed in few of the BSLs were also identified. Although these were not quantitatively measured and subjected to QTL analysis, the traits can be clearly associated with major gene(s) or QTLs. For instance, red pericarp color in grain was observed in BSL24 and 25, which carries approximately 8.6 Mb and 16.0 Mb of chromosome 7 of *O. barthii*. The overlapped region in these two lines possessed the *Rc* gene (Os07g0211g00), which encodes the bHLH transcription factor known to regulate pericarp color ([@b9-67_17022], [@b37-67_17022]). Another trait identified was the long awns in BSL14 and 29, which carried segments of chromosome 4 and 8, respectively, of *O. barthii*. This coincides with the location of *RAE1* and *RAE2*, which have been reported to regulate awn elongation in rice ([@b3-67_17022], [@b11-67_17022]). BSL4 and 19 having segments from chromosome 1 and 5 of *O. barthii* exhibited grain shattering. This segments coincided with the location of known QTLs included the *qSh1* and *SH5* genes ([@b16-67_17022], [@b44-67_17022]).

Discussion
==========

Rice was domesticated from its wild relatives by humans ([@b38-67_17022]). However, only a small portion of the genetic variation found in nature was captured in the domestication process, and this has limited the genetic base that forms the foundation of modern cultivars ([@b18-67_17022]). Although wild rice species are valued as a source of genetic variation, they usually have low yields. Nevertheless, our results indicate that the African wild relatives have genes that can increase rice yield despite its overall inferior appearance.

In this study, we developed a set of rice chromosome segment substitution lines harboring *O. barthii* genome in the background of the *japonica* cultivar, Koshihikari. The donor parent, W0009, has been characterized as having the characteristic morphology of the African wild rice, as well as tolerance to multiple biotic/abiotic stresses according to Oryzabase (<https://shigen.nig.ac.jp/rice/oryzabase>). The primary objective of this study was to develop a wide population containing *O. barthii* genetic materials for rice breeding and genomic research. Total 40 lines that composed the BSL set covered the whole genome of *O. barthii* in the Koshihikari genetic background. A lot of significant differences in the traits examined were detected between the BSLs and Koshihikari ([Table 1](#t1-67_17022){ref-type="table"}).

Grain shape and 100-grain weight were the major determinants of yield from *O. barthii*. For grain length, only 2 lines having segments from chromosome 2 and 12 from *O. barthii* recorded an increase in grain length. Based on the rice QTL database Q-TARO, the previously reported QTLs in the substituted chromosomal regions were determined ([@b43-67_17022]). The region on chromosome 2 was close to *HDA703*, which regulates grain size ([@b14-67_17022]), whereas the region on chromosome 12 has not been reported to be associated with QTLs related to grain length or size. Most of the BSLs showed narrower grain width than Koshihikari, especially all the lines harboring a segment of chromosome 7 of *O. barthii*. In a previous study of recombinant inbred lines derived from the cross between *O. sativa* and *O. rufipogon*, a QTL cluster controlling several traits related to plant architecture has been reported at the distal end of the short arm of chromosome 7 ([@b22-67_17022]). The Q-TARO database identifies the genes in chromosome 7 for grain width named *grb7* or *qSGW7* ([@b2-67_17022], [@b48-67_17022]). For 100-grain weight, we identified 3 lines that were associated with a significant increase in the value of this trait (P \< 0.05). These lines have segments of chromosome 3 and 4 from *O. barthii*, which has not only been associated with genes regulating 100-grain weight, but has been reported to harbor QTLs such as *OsPT2*, *qGY-3* and *gwt4a* ([@b19-67_17022], [@b20-67_17022], [@b45-67_17022]). These lines, however, had no detectable correlation with flag leaf length or width. It is suggested that photosynthesis rate in the flag leaf do not contribute in 100-grain weight and *vice versa*. This is evident in BSL27, which showed the largest flag leaf area but did not record any increase in 100-grain weight. A reduction in 100-grain weight was detected in 8 lines, 2 of which are carrying segments from chromosome 5 of *O. barthii*. This region coincides with *qGW5* which regulates 100-grain weight in rice ([@b36-67_17022]). BSL32, which harbors a segment of chromosome 9 of *O. barthii* showed an 8.3% decrease in 100-grain weight compared to Koshihikari. This segment coincides with the location of a novel QTL for 1000-grain weight (*qTGW9*) that has been reported by [@b24-67_17022].

The number of grains per panicle and its correlated trait, number of primary branches per panicle are also important traits for the improvement of yield. Nine lines out of 40 BSLs showed significantly different number of grains per panicle compared to Koshihikari. BSL22 recorded the highest number of grains per panicle (171.2). Some QTLs and genes related to these 2 traits were detected. For example, we could find the QTL on chromosome 8, named *WFP* to increase the panicle branching number according to Q-TARO database ([@b21-67_17022]). Furthermore, there are several genes detected on the long arm of chromosome 7. Photoperiod-related genes such as *GHD7* and *PRR37* have been reported to contribute in increasing grain number ([@b39-67_17022], [@b41-67_17022]). However, no QTLs or candidate genes controlling grain number per panicle have been reported on chromosome 6 included in BSL22. This suggests that a novel QTL regulating grain number per panicle exists on this chromosome region from *O. barthii*. The results also indicate that the BSLs in this study will prove an efficient population for QTL identification, and that the use of different wild rice accessions in the development of such genetic resource can lead to the discovery of novel genes. As for spikelet fertility, other CSSLs having chromosome segments from other wild rice species or relatives such as GLSL (*O. glaberrima*, [@b28-67_17022]) and RSL (*O. rufipogon*, [@b10-67_17022]) also showed lower spikelet fertility than Koshihikari. The chromosome 6 region in BSL22 overlaps with the reported location of *GSL5*, a candidate gene regulating spikelet fertility ([@b27-67_17022]).

Plant breeding requires the combination of design and science to improve the genetic basis of new crop varieties with better agronomic traits. Approaches in plant breeding have advanced to the use of molecular markers and high-density single nucleotide polymorphism (SNP) arrays to combine phenotype and genotype. The development of wild rice CSSLs has provided a broad platform for both wild rice genomic research and QTL mapping. Novel genes found in wild rice using these CSSLs could provide a new genetic resource for breakthroughs in rice breeding. In the present study, BSLs were mainly evaluated for yield and yield related traits. However, *O. barthii* has also been reported to harbor genes for disease and insect resistance ([@b5-67_17022], [@b8-67_17022], [@b35-67_17022]). Evaluation of the performance of the 40 BSLs under different biotic stresses would facilitate the identification of genes controlling resistance to diseases and pests. Thus, BSLs could serve as useful genetic resource not only for improvement of agricultural traits, but also for understanding physiological and ecological differences between *O. barthii* and *O. sativa*. These CSSL populations could also be used for mapping and cloning novel QTL/genes. The identified QTL regions present in the CSSLs would allow a regional candidate-gene association mapping approach in natural populations to reveal natural allelic variations that could explain the expression of desirable traits. Moreover, this set of CSSLs will also allow us to proceed with field trials in different environments to identify novel QTL for other complex quantitative traits.
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![Breeding scheme for developing BSLs carrying *O. barthii* chromosome segments in *O. sativa* cv. Koshihikari genetic background. Numbers in parenthesis indicate the number of lines produced for each backcross generation whereas boxed numbers show the number of candidate lines for BSLs selected by marker assisted selection (MAS). Numbers in brackets present the number of BSLs finally selected from the resulting CSSLs.](67_17022_1){#f1-67_17022}

![Graphical representation of the genotypes of the 40 BSLs. White bars and black bars indicate homozygous chromosomal segments derived from Koshihikari (*O. sativa*) and W0009 (*O. barthii*), respectively. Gray bars represent heterozygous regions. The SNP markers used for MAS are indicated with their physical positions (Mb) for each chromosome.](67_17022_2){#f2-67_17022}

###### 

Measurements of agronomic traits in 40 BSLs

  Chr. No.   Line name     Flag leaf length (cm)                           Flag leaf width (cm)                           Number of panicles/plant   Panicle length (cm)                             Number of primary branches/panicle              Grain character                                                                                                                                                                               
  ---------- ------------- ----------------------------------------------- ---------------------------------------------- -------------------------- ----------------------------------------------- ----------------------------------------------- ------------------------------------------------ ---------------------------------------------- ---------------------------------------------- ---------------------------------------------- -----------------------------------------------
             Koshihikari   29.43                                           0.81                                           15.8                       18.66                                           9.60                                            113.80                                           6.49                                           3.61                                           2.04                                           95.10
                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  1          BSL1          30.46                                           0.96[a](#tfn1-67_17022){ref-type="table-fn"}   11.6                       19.46                                           10.80                                           153.20[a](#tfn1-67_17022){ref-type="table-fn"}   6.79                                           3.21                                           1.92[b](#tfn2-67_17022){ref-type="table-fn"}   93.16
  1          BSL2          25.73                                           0.70                                           10.8                       20.32                                           9.60                                            120.40                                           6.81                                           3.21                                           1.91                                           95.25
  1          BSL3          25.58                                           0.72                                           12.3                       20.80                                           9.60                                            105.00                                           6.83                                           2.84[b](#tfn2-67_17022){ref-type="table-fn"}   2.08                                           94.93
  1          BSL4          30.71                                           0.82                                           12.0                       20.48                                           9.75                                            119.60                                           6.46                                           3.36                                           2.04                                           91.57
  2          BSL5          28.90                                           0.78                                           14.0                       21.26                                           9.40                                            116.40                                           6.35                                           2.94[b](#tfn2-67_17022){ref-type="table-fn"}   1.95                                           90.39
  2          BSL6          29.06                                           0.84                                           13.0                       21.22                                           11.00                                           130.40                                           7.32[a](#tfn1-67_17022){ref-type="table-fn"}   3.36                                           2.18                                           90.14
  2          BSL7          26.09                                           0.77                                           12.4                       21.70                                           10.00                                           126.00                                           6.76                                           3.09[b](#tfn2-67_17022){ref-type="table-fn"}   1.98                                           73.75[b](#tfn2-67_17022){ref-type="table-fn"}
  3          BSL8          27.75                                           0.88                                           11.6                       20.12                                           9.80                                            127.20                                           6.91                                           3.33                                           2.30[a](#tfn1-67_17022){ref-type="table-fn"}   93.53
  3          BSL9          28.09                                           0.75                                           11.4                       20.62                                           9.20                                            117.60                                           6.81                                           3.09[b](#tfn2-67_17022){ref-type="table-fn"}   2.56[a](#tfn1-67_17022){ref-type="table-fn"}   92.45
  3          BSL10         30.67                                           0.82                                           11.4                       20.68                                           12.00[a](#tfn1-67_17022){ref-type="table-fn"}   156.60[a](#tfn1-67_17022){ref-type="table-fn"}   6.98                                           3.11[b](#tfn2-67_17022){ref-type="table-fn"}   2.07                                           90.98
  3          BSL11         34.51                                           0.77                                           12.3                       20.46                                           12.00[a](#tfn1-67_17022){ref-type="table-fn"}   163.40[a](#tfn1-67_17022){ref-type="table-fn"}   6.67                                           3.15[b](#tfn2-67_17022){ref-type="table-fn"}   1.87                                           89.77
  3          BSL12         27.73                                           0.82                                           10.9                       18.92                                           10.40                                           119.00                                           6.64                                           3.14[b](#tfn2-67_17022){ref-type="table-fn"}   1.94                                           92.24
  4          BSL13         28.29                                           0.85                                           13.2                       20.18                                           9.40                                            110.80                                           6.52                                           3.18                                           2.29[a](#tfn1-67_17022){ref-type="table-fn"}   93.93
  4          BSL14         26.80                                           0.82                                           12.8                       18.52                                           8.20                                            93.60                                            6.98                                           3.17                                           2.24                                           94.48
  4          BSL15         25.93                                           0.52[b](#tfn2-67_17022){ref-type="table-fn"}   12.8                       18.52                                           8.60                                            91.40                                            6.12                                           3.10[b](#tfn2-67_17022){ref-type="table-fn"}   2.05                                           91.90
  4          BSL16         26.33                                           0.60                                           15.4                       21.52                                           11.40                                           145.00                                           6.15                                           3.19[b](#tfn2-67_17022){ref-type="table-fn"}   1.94                                           93.02
  5          BSL17         26.88                                           0.68                                           11.4                       17.38                                           8.40                                            96.40                                            6.92                                           2.68[b](#tfn2-67_17022){ref-type="table-fn"}   1.61[b](#tfn2-67_17022){ref-type="table-fn"}   89.57
  5          BSL18         27.82                                           0.68                                           18.5                       21.50                                           10.00                                           124.20                                           6.72                                           2.80[b](#tfn2-67_17022){ref-type="table-fn"}   1.79[b](#tfn2-67_17022){ref-type="table-fn"}   92.96
  5          BSL19         26.05                                           0.72                                           15.2                       18.90                                           9.80                                            124.60                                           6.85                                           3.18                                           2.18                                           93.45
  5          BSL20         27.79                                           0.71                                           16.8                       21.65                                           11.20                                           161.80[a](#tfn1-67_17022){ref-type="table-fn"}   6.74                                           3.29                                           2.09                                           94.21
  6          BSL21         31.44                                           0.79                                           14.5                       19.45                                           10.40                                           122.80                                           6.27                                           3.04[b](#tfn2-67_17022){ref-type="table-fn"}   2.10                                           93.70
  6          BSL22         32.37                                           0.82                                           13.6                       20.95                                           12.80[a](#tfn1-67_17022){ref-type="table-fn"}   171.20[a](#tfn1-67_17022){ref-type="table-fn"}   6.29                                           2.86[b](#tfn2-67_17022){ref-type="table-fn"}   2.12                                           75.67[b](#tfn2-67_17022){ref-type="table-fn"}
  6          BSL23         27.13                                           0.67                                           14.6                       22.23[a](#tfn1-67_17022){ref-type="table-fn"}   10.00                                           131.60                                           6.88                                           3.38                                           2.14                                           90.39
  7          BSL24         30.66                                           0.78                                           10.4                       22.80[a](#tfn1-67_17022){ref-type="table-fn"}   9.80                                            127.80                                           6.32                                           2.99[b](#tfn2-67_17022){ref-type="table-fn"}   2.06                                           89.78
  7          BSL25         27.13                                           0.86                                           12.4                       19.90                                           13.00[a](#tfn1-67_17022){ref-type="table-fn"}   156.00[a](#tfn1-67_17022){ref-type="table-fn"}   6.43                                           3.02[b](#tfn2-67_17022){ref-type="table-fn"}   1.84[b](#tfn2-67_17022){ref-type="table-fn"}   86.52[b](#tfn2-67_17022){ref-type="table-fn"}
  7          BSL26         31.20                                           0.56                                           11.4                       17.61                                           10.00                                           136.60                                           6.70                                           3.03[b](#tfn2-67_17022){ref-type="table-fn"}   1.90[b](#tfn2-67_17022){ref-type="table-fn"}   94.15
  7          BSL27         37.25[a](#tfn1-67_17022){ref-type="table-fn"}   0.94[a](#tfn1-67_17022){ref-type="table-fn"}   14.6                       23.54[a](#tfn1-67_17022){ref-type="table-fn"}   12.00[a](#tfn1-67_17022){ref-type="table-fn"}   166.40[a](#tfn1-67_17022){ref-type="table-fn"}   6.47                                           3.05[b](#tfn2-67_17022){ref-type="table-fn"}   1.97                                           91.53
  8          BSL28         27.86                                           0.79                                           17.2                       20.40                                           11.40                                           162.80[a](#tfn1-67_17022){ref-type="table-fn"}   6.95                                           3.20                                           1.93                                           80.81[b](#tfn2-67_17022){ref-type="table-fn"}
  8          BSL29         22.68                                           0.81                                           16.1                       19.52                                           11.75[a](#tfn1-67_17022){ref-type="table-fn"}   167.50[a](#tfn1-67_17022){ref-type="table-fn"}   6.88                                           3.27                                           2.17                                           92.56
  9          BSL30         30.29                                           0.87                                           15.3                       18.81                                           8.60                                            106.60                                           6.59                                           3.15[b](#tfn2-67_17022){ref-type="table-fn"}   2.02                                           93.37
  9          BSL31         25.14                                           0.84                                           12.8                       19.40                                           9.60                                            130.00                                           6.62                                           3.16[b](#tfn2-67_17022){ref-type="table-fn"}   2.03                                           94.45
  9          BSL32         29.63                                           0.84                                           14.4                       20.94                                           10.40                                           129.60                                           6.31                                           2.88[b](#tfn2-67_17022){ref-type="table-fn"}   1.87[b](#tfn2-67_17022){ref-type="table-fn"}   93.21
  9          BSL33         28.20                                           0.80                                           14.6                       18.78                                           9.60                                            109.00                                           6.46                                           3.17[b](#tfn2-67_17022){ref-type="table-fn"}   1.95                                           93.53
  10         BSL34         34.14                                           0.78                                           10.8                       20.62                                           11.00                                           131.40                                           6.83                                           3.20                                           2.16                                           94.10
  10         BSL35         31.65                                           0.83                                           11.6                       22.02[a](#tfn1-67_17022){ref-type="table-fn"}   10.20                                           123.40                                           6.80                                           3.30                                           2.13                                           92.26
  11         BSL36         30.18                                           0.88                                           18.2                       20.42                                           9.80                                            113.40                                           6.64                                           3.16[b](#tfn2-67_17022){ref-type="table-fn"}   1.87[b](#tfn2-67_17022){ref-type="table-fn"}   92.59
  11         BSL37         31.68                                           0.86                                           17.5                       20.36                                           9.60                                            118.80                                           6.83                                           3.03[b](#tfn2-67_17022){ref-type="table-fn"}   2.09                                           92.58
  12         BSL38         29.86                                           0.90[a](#tfn1-67_17022){ref-type="table-fn"}   15.0                       21.43                                           11.00                                           128.20                                           6.59                                           3.15[b](#tfn2-67_17022){ref-type="table-fn"}   1.99                                           92.56
  12         BSL39         35.09                                           0.85                                           14.7                       19.16                                           9.20                                            112.20                                           7.21[a](#tfn1-67_17022){ref-type="table-fn"}   3.37                                           2.10                                           94.53
  12         BSL40         32.38                                           0.79                                           12.5                       21.45                                           8.80                                            111.80                                           7.03                                           3.07[b](#tfn2-67_17022){ref-type="table-fn"}   1.85[b](#tfn2-67_17022){ref-type="table-fn"}   90.57

significantly higher than Koshihikari,

significantly lower than Koshihikari.

Significance was calculated at P\<0.05, values shown are means of 5 samples.

[^1]: Communicated by Qian Qian
